Introduction
============

Demographic projections have pointed out that Brazil will have around 33 million elderly people by 2025 (this is following the world trend), and will have twice the number of elderly over the next 20 years.[@JR0320or-1] Therefore, there are many concerns regarding the welfare of the elderly, in that which concerns the maintenance of an independent and autonomous lifestyle and seeking better quality of life for this population.[@JR0320or-2]

Some alterations due to aging are directly related to the vestibular system, which may cause multiple otoneurological-associated symptoms, such as vertigo and other types of dizziness, hearing loss, tinnitus, alterations in body balance, gait disturbance, and occasional falls.[@JR0320or-3] Falling results from a heterogeneous multifactorial geriatric syndrome and the seriousness of the complications that come from it increase with age; however, fall prevention has been largely neglected in clinical practice.[@JR0320or-4] One of the factors that may increase the risk of falling in elderly people is the presence of vestibular disorders, due to their effect on body balance.[@JR0320or-3]

Posture control is considered a complex motor skill derived from the interaction of neural and skeletal muscle systems. Neural components involve motor and sensorial processing, internal representation, and high levels of processing. This is essential to adaptive and anticipatory aspects regarding postural control, which involves the command of body position in space with two main purposes: orientation and stability.[@JR0320or-5] To obtain postural balance maintenance and to ensure adequate postural adjustments, it is necessary to combine vestibular, visual and somatosensory, central nervous and skeletal muscles systems, as well as internal representation of body orientation in space.[@JR0320or-6]

Benign Paroxysmal Positional Vertigo (BPPV) is one of the most common and treatable causes of peripheral vestibular vertigo in adults,[@JR0320or-7] [@JR0320or-8] [@JR0320or-9] with an incidence of 64 per 100,000 people, with a higher incidence in elderly people. It is estimated that 25% occurs in 70-year-old or older elderly population with complaints of dizziness, and most of them remain with these symptoms for over a year.[@JR0320or-10] [@JR0320or-11] BPPV prevalence is estimated to be 3.2% in women, 1.6% in men, and 2.4% in the general population.[@JR0320or-8] Von Brevern et al. concluded that, among the patients admitted to the emergency ward with moderate to severe vertigo and dizziness, 8 to 9% are diagnosed with BPPV.[@JR0320or-9]

The physiopathology of BPPV is related to a displacement of the otoconia toward the semicircular canals (anterior, posterior, or lateral), which may remain floating in the endolymph of the semicircular canal (ductolithiasis or canalolithiasis) or adhere to the cupula (cupulithiasis), therefore altering the response of the canal to the head́s angular acceleration.[@JR0320or-12]

The BPPV of the posterior semicircular canal (SCC) is a specific type of BPPV, which is treated by the Epley maneuver and represents the most affected canal (90.2%).[@JR0320or-12] [@JR0320or-13] Confirmation of BPPV diagnosis in the posterior SCC is performed through the Dix-Hallpike test.[@JR0320or-14]

Despite the use of the term "benign", this disease may cause considerable damage and incapacitate some patients.[@JR0320or-7] [@JR0320or-11] [@JR0320or-15] The condition may become incapacitating and compromise patientś ability to perform simple daily life activities. The loss in quality of life is greater in periods of crisis, but these can also occur separately from crises in the form of physical or further alterations, such as functional and emotional ones.[@JR0320or-16] [@JR0320or-17] [@JR0320or-18]

The knowledge of functional balance characteristics in elderly people with chronic vestibular dysfunction and the identification of variables associated to the loss of postural balance in these individuals can promote the development of specific prevention, assistance and rehabilitation strategies, to maintain autonomy and preserve the independence of the elderly for the longest time possible.[@JR0320or-3] Despite the large quantity of research demonstrating the effect of the Epley Maneuver on dizziness symptomatology, the literature still has little research that addresses clinical aspects of dizziness symptoms and quality of life, as well as postural balance after performing the Otolith Repositioning Maneuver (ORM) in elderly people with BPPV. Therefore, the present study aims to characterize elderly people with BPPV based on short-term effects of the modified Epley Maneuver on vertiginous symptoms, quality of life, and postural balance.

Method
======

This research was a quasi-experimental exploratory study. The target population was composed of elderly people residing in community who were referred from a university otoneurology outpatient unit.

The present project complied with the guidelines of resolution 466/12 of the National Health Council for research with human beings. The study obtained approval from the regional Ethics Review Board, registered under number 720.007. The participants received information about research procedures and objectives. Those who agreed to participate in the study signed an informed consent form.

The inclusion criteria for this study were individuals with an age equal to or greater than 65 years; clinical diagnosis of BPPV of the posterior semicircular canal; absence of neurological cervical symptoms; limited amplitude of cervical movement and instability to execute both the diagnostic Dix-Hallpike maneuver and the Otolithic Repositioning maneuvers; absence of systemic diseases without medical control and absence of functional limitations that impede independent walking; and being capable to sign the informed consent form. The research excluded subjects who presented serious health complications impeding the continuity of treatment or those with BPPV with bilateral involvement.

The evaluations for obtaining clinical data and objective measures of balance at baseline and after one week of treatment were conducted at a university geriatric physiotherapy laboratory.

The socio-demographic data evaluated included: age, sex, civil status, and level of education. Otoneurological data was BPPV diagnosis, number of associated vestibular effects, time of dizziness onset, type of dizziness, duration of dizziness, intensity of dizziness (measured by Visual Analogue Scale - VAS), and associated symptoms, as well as nystagmus evaluated by the Videonystagmoscopy System (Contronic, Brazil).

Clinical and functional data evaluated included: number of associated diseases, number of medications, physical exercise level, and self-reported incapacity due to dizziness based on the Brazilian version of the Dizziness Handicap Inventory (DHI). We used the Balance Master System (NeuroCom International Inc., U.S.A.) to determine objective measures of static and dynamic balance evaluation and the Brazilian version of the Dynamic Gait Index (DGI) to assess balance.

In static balance, sway velocity was measured at four positions from the modified Clinical Test of Sensory Interaction on balance (on firm and foam surfaces with eyes open/closed), by its composition (mean sway velocity at four test positions) and by the Unilateral Stance test with eyes open/closed. For the statistical analysis of the data obtained in this test we considered the dominant leg. The participants made three attempts, each with duration of 10 seconds. For the dynamic balance, we measured movement velocity, maximum excursion, end point, and directional control data; all of which were obtained by the Limits of Stability (LOS). Tandem Walk and its end sway velocity were also part of the laboratory evaluation of the dynamic balance component of this research.

We used the DGI to evaluate the functional aspects of dynamic balance in BPPV patients. The DGI has a simple format and is considered a reliable instrument.[@JR0320or-19]

At the baseline, we collected socio-demographic, otoneurological, quality of life, and functional aspects of gait and postural balance data. Subsequently, participants underwent the Dix-Hallpike test to identify which side needed ORM treatment. The maneuver would be repeated up to three times in session in case symptoms or signals persisted. Experienced physiotherapists in the field of Vestibular Rehabilitation performed both the tests and maneuvers. After one week, participants underwent the same evaluation protocol and those who presented positive Dix-Hallpike test underwent an additional ORM. Following each maneuver, the physiotherapists explained to the patients that the treatment could lead to vertigo and nausea, and in such cases, they asked patients to relax their cervical muscles to avoid injury in the region. Following ORM, participants were instructed to sleep on pillows with their head positioned halfway between flat and upright (a 45-degree angle) to avoid head inclination, such as when washing the hair in a salon or sitting in a dentist\'s chair, to avoid rough head movements, and to avoid laying on the treated side for 48 hours.

Initially, we performed the descriptive analysis of study variables through measures of central tendency and dispersion. We used the Shapiro-Wilk test for the distribution of data normality. To compare pre- and post-treatment results, we used the non-parametric Wilcoxon test. The adopted level of significance was *p* \< 0.05. For storage and processing of data, we used SPSS (Statistical Package for Social Sciences - Version 20.0).

Result
======

The sample included 14 elderly people with a median age of 71 years (64--78 years old) who present ductolithiasis and subsequent semicircular canal as a pathophysiological basis. [Table 1](#TB0320or-1){ref-type="table"} describes data on participantś socio-demographic and clinical characteristics.

###### Socio-demographic characteristics, symptoms, and aspects related to dizziness in elderly people with BPPV

  Variables                             Values\*
  ------------------------------------- -------------------
  **Age (years)**                       71 (64--78)
  **BMI (kg/m^2^)**                     26.1 (20.9--35.0)
  **Sex**                               
  Female                                11 (78.6%)
  Male                                  3 (21.4%)
  **Degree of schooling**               
   Illiterate/unschooled                2 (14.3%)
   Primary school                       7 (50.0%)
   High school                          4 (28.6%)
   University                           1 (7.1%)
  **Civil status**                      
   Currently married/with partner       4 (28.6%)
   Not currently married/with partner   10 (71.4%)
  **Time of dizziness onset (years)**   2.5 (0.5--20)
  **Age at dizziness onset (years)**    65 (54--75)
  **Side of lesion**                    
   Right                                12 (85.7%)
   Left                                 2 (14.3%)
  **Total number of comorbidities**     4.5 (2--8)
  **Total number of medications**       4.5 (2--8)
  **Practical physical activity**       
   No activity                          9 (64.3%)
   3 days per week                      1 (7.1%)
   4 to 7 days per week                 4 (28.6%)
  **Presence of nystagmus**             
   Yes                                  10 (71.4%)
   No                                   4 (28.6%)
  **Dominant side**                     
   Right                                13 (92.8%)
   Left                                 1 (7.1%)

Abbreviations: BMI, Body Mass Index.

**\***Values represent the Median (amplitude) or Absolute Frequency (relative frequency).

According to characteristics of dizziness, two participants (14.3%) presented dizziness for six months, five (35.7%) for one or two years, three (21.4%) for three or four years, and four (31.3%) for five or more years.

The median number of ORM was 2.5 (2--3). After one week of treatment, five participants (35.7%) presented a negative Dix-Hallpike test and nine (64.3%) continued to present a positive Dix-Hallike test and underwent ORM again. Then, the median number of maneuvers was two (0--3). When comparing the median number of maneuvers performed at initial evaluation and re-evaluation, we observed a significant reduction (*p *\< 0.05).

According to the systemic diseases or supposed risk factors, which predispose or lead to BPPV development, the following conditions were found from the research 92.8% presented osteoarthritis, 64.3% systemic arterial hypertension (SAH), 42.9% osteoporosis, and 21.4% diabetes mellitus. Diseases were grouped and classified according to the International Classification of Diseases (ICD) and its absolute and relative distribution in the sample population is presented in [Table 2](#TB0320or-2){ref-type="table"}.

###### Absolute and relative frequencies of associated diseases in elderly people with BPPV, classified according to the International Classification of Diseases (ICD)

  Diseases                                                                                      \(n\)   (%)
  --------------------------------------------------------------------------------------------- ------- ------
  **Endocrine, nutritional and metabolic diseases**                                                     
   Hypercholesterolemia                                                                         8       57.1
   Diabetes mellitus                                                                            3       21.4
   Thyroid nodules                                                                              1       7.1
   Hypothyroidism                                                                               1       7.1
  **Mental and behavioral disorders**                                                                   
   Depression                                                                                   4       28.6
  **Diseases of the nervous system**                                                                    
   Sleep apnea                                                                                  1       7.1
  **Diseases of the eye and adnexa**                                                                    
   Glaucoma                                                                                     1       7.1
  **Diseases of the circulatory system**                                                                
   Arterial hypertension                                                                        9       64.3
   Chronic venous insufficiency                                                                 1       7.1
   Atrial fibrillation                                                                          1       7.1
  **Diseases of the respiratory system**                                                                
   Asthma                                                                                       3       21.4
   Chronic bronchitis                                                                           1       7.1
   Chronic sinusitis                                                                            1       7.1
  **Diseases of the digestive system**                                                                  
   Gastritis                                                                                    4       28.6
  **Diseases of the musculoskeletal system and connective tissue**                                      
   Osteoarthritis                                                                               13      92.8
   Osteoporosis                                                                                 6       42.9
   Osteopenia                                                                                   1       7.1
   Systemic lupus erythematosus                                                                 1       7.1
  **Diseases of the genitourinary system**                                                              
   Hyperplasia of Prostate                                                                      2       14.3
  **Unclassified symptoms, signals and abnormal findings from clinical and laboratory exams**           
   Pre-diabetes                                                                                 2       14.3

Of the 14 participants, nine (64.3%) used medication that act on vertiginous symptoms including cinnarizine, flunarizine, betahistine, *Ginkgo biloba*, dimenhydrinate, and benzodiazepine (clonazepam) ([Fig. 1](#FI0320or-1){ref-type="fig"}). [Table 3](#TB0320or-3){ref-type="table"} show the quantity of medications used.

###### Distribution of absolute and relative frequencies categorized by number of medications used by elderly BPPV patients

                              Categories           Absolute frequency (n)   Relative frequency (%)
  --------------------------- -------------------- ------------------------ ------------------------
  **Number of medications**   1 or 2 medications   1                        7.1
  3 or 4 medications          6                    42.9                     
  5 or more medications       7                    50.0                     

![Distribution of medications acting on vertiginous symptoms used by elderly BPPV patients.](10-1055-s-0035-1565915-i0320or-1){#FI0320or-1}

According to clinical data, there was a significant reduction in VAS scores between the initial evaluation and the one at one week following ORM. The participants presented greater improvement in self-perception of the incapacitating effects caused by dizziness, as evaluated by DHI, one week post-ORM in all aspects (physical, functional, emotional, and total score) ([Table 4](#TB0320or-4){ref-type="table"}).

###### Comparison of medians pre and postmodified Epley maneuver regarding vertigo symptoms (VAS) and quality of life (DHI)

                        Pre-Epley     Post-Epley   *p\**
  --------------------- ------------- ------------ -------
  **VAS**               8 (5--10)     3,5 (0--7)   0.001
  **Physical DHI**      18 (10--26)   6 (0--26)    0.002
  **Functional DHI**    10 (0--24)    3 (0--16)    0.002
  **Emotional DHI**     8 (0--30)     4 (0--28)    0.025
  **Total DHI Score**   39 (22--84)   15 (0--72)   0.001

Abbreviations: DHI, Dizziness Handicap Inventory; VAS, Visual Analogue Scale.

Values represent the Median (amplitude); \*p \< 0.05, by the non-parametric Wilcoxon Test.

Regarding static and dynamic postural balance, there was a significant difference in some parameters of the modified Sensory Interaction Test, the Limits of Stability, and gait by the Dizziness Gait Index (*p *\< 0.05), and no significant difference in the Unilateral Stance and Tandem Walk tests ([Table 5](#TB0320or-5){ref-type="table"}).

###### Static and dynamic postural balance performance in elderly BPPV patients at initial evaluation and after modified Epley maneuver (1-week assessment)

                     Initial Evaluation   1 week              *p*
  ------------------ -------------------- ------------------- ---------
  Static balance                                              
  **mCTSIB (°/s)**                                            
   Firm EO           0.4 (0.1--0.9)       0.4 (0.1--1.3)      0.530
   Firm EC           0.5 (0.2--1.3)       0.4 (0.1--1.7)      0.503
   Foam EO           1.1 (0.6--2.4)       0.7 (0.4--1.9)      0.004\*
   Foam EC           2.3 (1--6)           1.7 (0.6--6)        0.028\*
   Composition       1.1 (0.6--4.5)       0.8 (0.5--2)        0.011\*
  **US (°/s)**                                                
   Eyes open         12 (1--12)           5.1 (1.1--12)       0.441
   Eyes closed       12 (8.5--12)         12 (5.5--12)        0.276
  Dynamic balance                                             
  **LOS**                                                     
   MVL (°/s)         1.9 (0--5)           2.6 (0.8--4.7)      0.013\*
   EPE (% LOS)       44.5 (0--80)         45.5 (30--82)       0.107
   MXE (% LOS)       64 (0--97)           71 (36--95)         0.047\*
   DCL (% LOS)       51 (0--81)           59 (0--78)          0.092
  **Tandem walk**                                             
   Speed (cm/s)      16.3 (9--26.8)       18.6 (10.7--30.4)   0.683
   End Sway (°/s)    7.75 (4.8--13.1)     6.2 (4.8--14.7)     0.177
  **DGI**            16 (8--22)           19 (11--23)         0.004\*

Abbreviations: DCL, Directional Control; DGI, Dynamic Gait Index; EC, Eyes Closed; EO, Eyes Open; EPE, Endpoint Excursion; LOS, Limits of Stability Test; mCTSIB, modified Clinical Test of Sensory Integration on Balance; MVL, Movement Velocity; MXE, Maximum Excursion; US, Unilateral Stance Test.

The values represent the Median (amplitude); \**p* \< 0.05, by the non-parametric Wilcoxon Test.

Discussion
==========

BPPV is the most common vestibular cause of vertigo.[@JR0320or-11] [@JR0320or-13] [@JR0320or-20] [@JR0320or-21] [@JR0320or-22] [@JR0320or-23] It is also one of the four otoneurological diseases of greatest prevalence among the geriatric population, causing a strong impact on the health and quality of life of these individuals.[@JR0320or-24] Non-pharmacological alternatives for treatment of the disease (among them, the ORM) represent an important therapeutic opportunity because it does not present risks of adverse effects commonly present in elderly individuals that use pharmacological products.

Fife et al. classified the Epley maneuver for otolithic reposition as a "Level A recommendation." In other words, the therapy is effective and secure and should be offered to all posterior canal BPPV patients regardless of age.[@JR0320or-25] Various studies showed short-term positive results after ORM performance in BPPV treatment. These studies had a follow-up variation between 72 hours and 6 weeks,[@JR0320or-26] [@JR0320or-27] [@JR0320or-28] [@JR0320or-29] [@JR0320or-30] [@JR0320or-31] [@JR0320or-32] though there is no prognosis of a satisfactory outcome.

The present study aimed to evaluate the short-term effects of ORM in a group of elderly patients with BPPV symptoms. The majority of the subjects in this study were women (78.6%), which corroborated with previous studies.[@JR0320or-11] [@JR0320or-33] The high incidence of BPPV in women can be explained by their biological aspects such as the reduction in hormone levels following menopause. Recent studies related to the hormonal dysfunction observed a decrease in estrogen and disturbances in calcium metabolism in this population, which may induce changes in the structure of otoconia, similar to the alterations observed in bone mass, leading to osteopenia and osteoporosis.[@JR0320or-34] [@JR0320or-35]

Iatrogenic of pharmaceutical medications may be one of the potential causes of Dizziness. There are many medications that act as vestibular system suppressors, the most common being benzodiazepines and anti-histamines. Benzodiazepines can reduce the sensation of rotatory dizziness and, at the same time, interfere in the central compensation of peripheral vestibular conditions. On the other hand, anti-histamines act on the emetic nerve center suppression, relieving nausea and vomiting associated with illness. Current medications that control vertiginous symptoms, when used in the short term, can be prescribed when the patient refuses ORM therapy or when the symptoms are unbearable and persist following ORM.[@JR0320or-36]

Despite achieving release from vertigo symptoms, more than half of elderly did not achieve BPPV resolution. This may be explained by the presence of comorbidities, given that there is an increasing risk of dizziness complaints in relation to the number of associated illnesses.[@JR0320or-37] [@JR0320or-38] Cardiovascular, metabolic, and osteoarthritic diseases are more commonly associated with the vestibulopathy and relate to its genesis.[@JR0320or-33] [@JR0320or-39] [@JR0320or-40] A recent study demonstrated that only systemic arterial hypertension is capable of significantly influencing the number of BPPV recurrences, a fact that also occurred in the presence of isolated diabetes and osteoarthritis. Osteoporosis can be associated to SAH, diabetes, and osteoarthritis, which constitute an increased risk in the rate of BPPV recurrence.[@JR0320or-41] In the present study, these conditions were present in the majority of the sample population, mostly prevalent as osteoarthritis (92.8%) and SAH (64.3%).

Another source of vertiginous symptoms may be related to health habits. The literature points to sedentary lifestyle as an important risk factor for the onset of dizziness, since when there is decreased movement and more time resting in bed, elderly people develop an increased probability of developing dizziness through inhibition of vestibular reflexes, fear, and/or loss of self-confidence.[@JR0320or-42] A recent cross-sectional study that included 491 elderly participants confirmed there is an association between BPPV and lack of physical activity in women.[@JR0320or-43] Thus, sedentary elderly people present more dizziness than those who practice some type of physical activity.[@JR0320or-42] In the present study, over half of the elderly people did not perform any physical activity and, among those who did, walking was the most common.

Regarding quality of life before BPPV treatment by ORM, studies show that physical aspects are the most affected, followed by functional and emotional aspects; moreover, there is a significant post-ORM improvement in all DHI properties.[@JR0320or-44] [@JR0320or-45] Impairments in vestibular function can negatively interfere in daily life activities of those afflicted with the condition.[@JR0320or-45] This data corroborates the present study, in which improvement in the total score and in all DHI aspects could be observed post-intervention upon completion of the repositioning movements.

It is important to evaluate the influence of visual, somatosensory, and vestibular systems in the maintenance of static balance to comprehend sensorial contribution to postural control. This evaluation is possible through stimuli to the individual, which involve alterations in visual input and changes in the supporting surface. Individuals with BPPV can present low sway velocity when on a firm surface, with eyes open or closed, when compared with healthy individuals, due to greater reliance on visual and proprioceptive systems to maintain stability. In other words, they compensate vestibular dysfunction by using visual and proprioceptive inputs to maintain a standing position over time.[@JR0320or-46] In this study, we obtained lower sway velocity within the same conditions found in the previously mentioned study. However, BPPV patients strongly depend on their vestibular system to maintain balance when they receive visual input and/or there are changes in proprioceptive input. The lack of accuracy of the vestibular information from one side can cause inefficiency in sensory organization and an abnormal vestibule-spine response. There is an increase in postural stability challenges when the support base is reduced, in which case BPPV patients present an increase in the sway velocity.[@JR0320or-46] According to the sensorial interaction test, we observed similar results in this study, as the conditions that combined alterations in the proprioceptive inputs and deprivation of the visual inputs resulted in the highest sway velocities. Therefore, in the unilateral stance test, the participants in this study obtained higher sway velocities than those values demonstrated in the study by Chang et al.,[@JR0320or-46] possibly due to the difference in age groups of the samples studied, considering the intrinsic influence of the aging process in the sample from the present study.

In the Tandem Walk test, the speed was lower due to a reduction in the support base and center of gravity deceleration was required to maintain postural balance at the end of the Tandem Walk. However, according to Chang et al.,[@JR0320or-46] who evaluated dynamic balance through the Tandem Walk test, individuals with BPPV presented a lower gait speed and a greater final speed compared with healthy individuals. The increased end sway velocity observed in BPPV patients was attributed to vestibular dysfunction in detecting linear deceleration.[@JR0320or-46] The present study corroborated Chang et al.,[@JR0320or-46] although this study recorded lower values of walking speed and greater values of final speed, possibly due to the older age group composing the sample of the present study.

Elderly individuals with vestibular dysfunction may present reduced LOS and use ankle and hip strategies to maintain postural control, which can cause functional incapacity and increase the risk of falling. Studies have linked ORM to a considerable increase in LOS, which consequently reduce such risks.[@JR0320or-47] [@JR0320or-48] In this study, there was a significant improvement in two aspects of LOS, movement velocity and in the maximum excursion after one treatment session. It was impossible to infer whether the LOS values were lower or higher than normal, because there were no studies with LOS data obtained from the Balance Master in elderly BPPV patients compared with healthy individuals from the same age group.

Regarding functional evaluation of gait measured by DGI, we perceived that the study participants significantly improved their DGI scores one week post-ORM, even as the median score after one week of treatment demonstrated that the participants in our study continued to present an increased risk of falls. This is in accordance with Shumway-Cook et al.,[@JR0320or-49] who showed that DGI scores of 19 or more indicate increased risk of falls in elderly residents of the community.

The main limitations to the study were the absence of a control group of healthy elderly people to compare with the results found herein and the small sample size, which rendered it impossible to establish statistical associations between quantity of medications, number of diseases, vertiginous symptoms, and balance data. It is, therefore, necessary to undertake further studies that seek to relate the factors that influence BPPV and their repercussions in the activities performed by the elderly in their daily activities. Dizziness is multifactorial in its cause and identification requires treatment in all spheres: physical, psychological, and affective.

Conclusion
==========

The results suggest that, despite the short-term beneficial clinical effects observed in dizziness symptoms and quality of life after the Otolithic Repositioning Maneuver, the majority of patients was not cured post-ORM and not all aspects of postural balance improved, which pose greater challenges to the motor and sensorial systems. Therefore, a longer follow-up period and a multidisciplinary team are required to establish a comprehensive care program for elderly patients with dizziness complaints.
